alcohol or illicit drugs. She had never been sexually active. Her father had diabetes mellitus, hyperlipidemia, and hypertension. There was no family history of cancer.
On examination, the temperature was 36.5°C, the heart rate 129 beats per minute, the blood pressure 123/66 mm Hg, the respiratory rate 20 breaths per minute, and the oxygen saturation 97% while the patient was breathing ambient air. Her body was well developed. She appeared to be uncomfortable except when she was lying flat. She appeared to be flushed, but there was no scleral icterus or rash. She had tachycardia, but the cardiac examination was otherwise normal. The abdomen was mildly distended, with tenderness in both lower quadrants that was worst in the midline; there was voluntary guarding on palpation but no rebound, and bowel sounds were diminished. The remainder of the examination was normal.
Results of coagulation tests were normal, as were red-cell indexes and blood levels of magnesium and globulin; other test results are shown in Table 1 . Two sets of blood culture specimens and a urine culture specimen were obtained. A chest radiograph showed low lung volumes and patchy bibasilar opacities. A urine test for human chorionic gonadotropin was negative.
Intravenous normal saline, ciprofloxacin, metronidazole, and morphine were administered. Imaging studies were obtained and additional diagnostic procedures were performed.
Differ enti a l Di agnosis
Dr. Leigh H. Simmons: This previously healthy 30-year-old woman presented with progressively worsening abdominal pain in both lower quadrants, chills, leukocytosis, and a markedly elevated level of CA-125. I will begin by discussing how I might have approached this patient's initial evaluation. At first glance, the key features of her presentation are the subacute nature of her illness, which included an initial period of vomiting, followed by a brief period of improvement, and then worsening abdominal pain, chills, and diarrhea. Notable elements of her history include her good health before this 10-day period of illness began, a history of no abdominal operations, her place of birth in East Asia, and her report of never having had sexual intercourse.
The first days of the patient's illness, which were characterized by vomiting, are consistent with infectious gastroenteritis, although the persistence of gastrointestinal symptoms for more than 48 to 72 hours is unusual. If features of the illness deviate from those that are expected to occur over the self-limited, short course of gastroenteritis, we have to look for other causes. The sharp abdominal pain, chills, and fever that occurred later in the course of the patient's illness raise concern for a serious intraabdominal infection.
Initial Diagnostic Evaluation
The findings of tachycardia and discomfort unless she was lying flat, with voluntary guarding, are suggestive of a process that is causing peritonitis, and at this point I would be concerned about conditions that can cause an intraabdominal abscess, such as diverticulitis, inflammatory bowel disease, ruptured appendix, and pelvic inflammatory disease. We know the patient is not pregnant and that she has marked leukocytosis. We do not have the results of the initial pelvic examination, but unless an adnexal mass or cervical discharge is present, I would proceed with cross-sectional imaging with computed tomography (CT), rather than ultrasonography, as an initial imaging method, since it is important to obtain images of the gastrointestinal and pelvic organs to determine whether abscess or visceral-organ inflammation is present. I would also contact a surgical colleague to evaluate the patient with me. May we see the imaging studies?
Dr. Alan J. Goldstein: A CT scan of the abdominal and pelvic regions was obtained after oral and intravenous administration of contrast material. The scan revealed a cystic structure (maximum diameter, 8.8 cm) with an asymmetrically thickened and enhancing wall in the pelvis, associated with the right adnexa. A similar peripherally enhancing cystic structure (maximum diameter, 4.3 cm) was associated with the left adnexa. Other findings included extensive retroperitoneal lymphadenopathy, ascites (with a moderate volume of fluid), and mild, diffuse thickening of multiple bowel loops (Fig. 1) .
Dr. Simmons: After reviewing the imaging studies, we learn that the patient has bilateral ovarian masses, ascites, and retroperitoneal lymphadenopathy. Using this new information, we can reframe the differential diagnosis. Although these findings, when considered in combination with the patient's clinical history, are suggestive of an infectious process, we must consider the possi- bility that she may have a benign or cancerous condition involving the ovaries.
Ovarian Cancer
Had I seen the radiology report in isolation, I would be very concerned about ovarian cancer. However, it would be unusual for a patient of this age to have ovarian cancer, and she has no family history of ovarian or breast cancer, which lends little support to the possibility that she has a genetic predisposition to early ovarian cancer. Her CA-125 level was markedly elevated, but I will discuss later that this tumor marker is rather nonspecific for ovarian cancer and that CA-125 levels can be elevated in patients who have various peritoneal diseases. At this point, I cannot rule out a diagnosis of ovarian cancer, but I think that the imaging studies showing ovarian masses with rim enhancement are far more likely to suggest an infectious process than cancer. Therefore, I will focus the differential diagnosis on tubo-ovarian infectious conditions.
Tubo-Ovarian Abscesses
Tubo-ovarian abscesses are manifestations of pelvic inflammatory disease that are usually caused by ascending genital tract infections. The infections that cause the abscesses are often polymicrobial, though Chlamydia trachomatis and Neisseria gonorrhoeae may occur in isolation. Risk factors for tubo-ovarian abscesses include sexually transmitted infections, current or prior use of an intrauterine device (IUD), a history of instrumentation inside the genital tract, and a predisposition to gastrointestinal-tract inflammation caused by diseases such as diverticulitis and Crohn's disease. Our patient reported never having had sexual intercourse. This renders the most common cause of tubo-ovarian abscesses (ascending genital-tract infection in association with C. trachomatis or N. gonorrhoeae infection) less likely. However, other causes of tubo-ovarian abscesses, including actinomyces and Mycobacterium tuberculosis infection, should be considered.
Actinomycosis has been reported to be a cause of pelvic infection and may mimic ovarian cancer, since it causes bilateral ovarian masses, peritoneal lymphadenopathy, and elevated CA-125 levels. 1 However, nearly all reports of pelvic actinomycosis involve women who currently have (or have recently had) an IUD in place. This patient has no history of ever having used an IUD. Thus, actinomycosis is an unlikely diagnosis.
Pelvic tuberculosis can also mimic ovarian cancer, since it causes adnexal masses, peritoneal lymphadenopathy, and elevated CA-125 levels. This patient's age is within the range commonly associated with genital-tract tuberculosis, since this infection typically occurs in women who are 25 to 40 years of age. 2 She was born in East Asia and could be at higher risk than the average patient for previous exposure to tuberculosis. However, several features of her presentation are less consistent with a diagnosis of pelvic tuberculosis. Other than a remote history of an ovarian cyst, we have no information suggesting that before this acute illness, the patient was not feeling well; in addition, pelvic tuberculosis typically has an insidious onset. The radiograph of her chest also shows no evidence of a previous granulomatous disease, and although this does not exclude the possibility of extrapulmonary tuberculosis, it makes this diagnosis less likely.
Extension of a Bowel Infection
I am concerned that this patient's pelvic infection could be the result of an extension of a bowel infection. Complications of inflammatory bowel diseases such as Crohn's disease or ulcerative colitis can lead to formation of a fistula and infection throughout the pelvis. A more acute condition such as diverticulitis or appendicitis can cause extension of infection to involve the adnexa. There was no evidence on the CT scan of underlying bowel-wall thickening suggestive of inflammatory bowel disease, or diverticulitis. The appendix could not be located on the CT scan -a "nonfinding" that occurs in up to 15% of CT scans. 3 Visualization of a normal appendix on this scan would have been highly reassuring. The absence of a visualized appendix could suggest that the patient has a ruptured appendix, with the appendix now subsumed within the inflammatory mass involving the right adnexa.
On my initial review of this case, I believed that a reasonable explanation for this patient's symptoms was delayed manifestation of intraabdominal infection associated with a ruptured appendix, which resulted in tubo-ovarian abscesses. She did not have the traditional risk factors for tubo-ovarian abscesses (i.e., she had no history of sexual intercourse or use of an IUD). The difficulty of differentiating tuboovarian abscesses (particularly tubo-ovarian abscesses that are on the right side only) from acute appendicitis is a well-described clinical challenge. 4 A ruptured bowel with subsequent infection could conceivably cause the development of tuboovarian abscesses, but the large cystic structures associated with both ovaries in this patient would be unusual features. I suspect that these cysts are underlying and were preexisting. Although ultrasonography would provide a clearer image of the cysts themselves and would be likely to aid us in reaching a more specific diagnosis, the CT imaging study does show that the patient has cysts (maximum diameters
Complications of Benign Ovarian Neoplasms
There are two possible associations between preexisting ovarian cysts and development of acute abdominal pain, fever, and leukocytosis: the rupture of a cyst or an infection of a cyst. A ruptured cyst can cause pain, fever, and leukocytosis. Blood from a cystadenoma or endometrioma might be intensely irritating to the peritoneum, and rupture of a teratoma, the contents of which include sebaceous fluid, hair, and cartilage, might also lead to intense irritation. However, this patient had marked leukocytosis and pelvic lymphadenopathy, and her white-cell count decreased after she received treatment with intravenous antibiotic agents. Thus, I suspect she had an infection of an ovarian cyst.
Elevated CA-125 Level
How should we interpret the elevated CA-125 level? As a large transmembrane glycoprotein derived from coelomic mesothelial cells (i.e., cells originating in the pericardium, pleura, or peritoneum) and müllerian epithelium (i.e., epithelium that lines the endometrium, endocervix, and fallopian tubes), CA-125 is a nonspecific marker for peritoneal inflammation. Many factors make an elevated CA-125 level unreliable for the screening and diagnosis of ovarian cancer, because many conditions can elevate the CA-125 level (Table 2) , and specific patient characteristics can raise and lower the level. For example, CA-125 levels are higher in premenopausal women and in women of African or Asian descent and lower in postmenopausal women, in women who smoke, and in women who have had a hysterectomy. 5 Thus, I do not think that the markedly elevated CA-125 level in this patient is diagnostic of ovarian can- cer; rather, it indicates a high degree of pelvic and peritoneal inflammation. If she does have an infected endometrioma, both her underlying endometriosis and the acute infection could account for the elevated CA-125 level. Given the absence in this patient of traditional risk factors for the common causes of tubo-ovarian abscesses, her low risk of ovarian cancer, the presence of large, bilateral ovarian cystic structures, and the markedly elevated CA-125 level, I think that the most likely diagnosis is a ruptured endometrioma. Although a ruptured endometrioma alone can cause peritoneal irritation, I suspect that she has a superimposed infection, given her presenting symptoms and the finding of rim-enhancing masses on the imaging studies. Once an ovarian cyst has been opened to the peritoneum, an infection resulting from the translocation of bowel flora or ascending genital-tract bacteria can develop.
I assume that this patient will be evaluated by a gynecologic surgeon. If her infection does not respond to antibiotics, drainage of the abscesses will be at the discretion of the managing surgeon.
Dr. David M. Dudzinski (Medicine): Dr. Dorney, what was your impression when you evaluated this patient?
Dr. Dorney: Initially, we were most concerned about the presence of a tubo-ovarian abscess or another infectious process. The patient's CA-125 level was 196 U per milliliter, but because it was less than 200 U per milliliter in a premenopausal woman, we were less concerned about cancer than we would normally be for a patient with her CA-125 level, although we could not rule out peritoneal carcinomatosis.
Clinic a l Di agnosis
Tubo-ovarian abscess.
Dr . Leigh H. Simmons's Di agnosis
Ruptured endometrioma with infection.
Discussion of M a nagement a nd Surgic a l Decision-M a k ing
Dr. David M. Boruta II: When I evaluated this patient, I was confronted with several key questions: Was surgery necessary? If so, how urgently was it needed, what procedures should be performed, and what approach should be used? Her presentation and imaging findings suggested an infectious process, despite her low risk of pelvic inflammatory disease. Although surgical intervention may be necessary for the treatment of tuboovarian abscesses, antibiotic therapy alone may be effective in up to 70% of cases. 6 In other cases, drainage of the abscesses, with the use of interventional radiologic techniques, has been reported to be a successful adjunct to antibiotic therapy. 7 With the patient's input and consent, a clear plan was developed before surgery, with contingencies for possible findings such as cancer, appendicitis, or bowel perforation. Her desire to preserve fertility and the ability to bear children was established. The risks and benefits of prioritizing these goals, with an emphasis on the use of procedures that would preserve her pelvic organs, if possible, were discussed, along with an explanation of the rationale and potential need for more extensive procedures, such as hysterectomy and bilateral salpingo-oophorectomy. Finally, the safety and feasibility of attempting a minimally invasive, laparoscopic procedure was considered, but we all agreed that a low threshold for conversion to laparotomy, if deemed necessary for safety or for surgical efficacy, would be maintained.
Despite the initiation of antibiotic therapy, signs and symptoms developed, including increased abdominal pain and tachycardia, that triggered our concern for a possible rupture of the adnexal mass and sepsis. This prompted our decision to proceed expediently with an operative intervention. Although laparoscopy was initiated, conversion to laparotomy was instituted when extensive peritoneal inflammation with bowel adherence blocking access to the pelvis was encountered. Most reports that describe the successful incorporation of laparoscopy into the management of tubo-ovarian abscesses involve patients who do not have a rupture. 8 In the case of this patient, extensive peritoneal inflammation and agglutination of small bowel and peritoneal surfaces were visualized with the laparoscope. Our priority for ensuring the safety of the patient and efficacious treatment of the conditions we were encountering assumed precedence over our goal of maintaining a minimally invasive approach.
At laparotomy, the extent of peritoneal inflammation and the degree to which the right fallopian tube and the right ovary appeared to be abnormal prompted their complete removal. Specimens for bacterial cultures were obtained.
Although simple drainage with resection of the abscess cavity has been reported to be an effective strategy for managing tubo-ovarian abscesses, we believe that complete right salpingooophorectomy, with preservation of the patient's uterus and her left adnexa, achieved an appropriate balance between preservation of the patient's fertility and a more aggressive management strategy (i.e., hysterectomy and bilateral salpingooophorectomy) in this patient with evolving sepsis. 8 A rupture of the right cyst, with spillage of purulent material, occurred during dissection of the patient's right adnexa from the surrounding tissues. A specimen of the fallopian tube and ovary obtained during the right salpingo-oophorectomy was sent for intraoperative pathological examination for assessment of a possible cancer. The left ovarian cyst, which measured 4.3 cm in the maximal diameter, was drained of fluid that was similar in appearance to chocolate syrup -a feature that was clinically consistent with an endometrioma. The surface of the patient's appendix was generally inflamed but otherwise appeared normal; however, it was removed to ensure that an underlying appendicitis would not be missed.
Pathol ogic a l Discussion
Dr. Jennifer N. Stall (Pathology): Specimens obtained during the right salpingo-oophorectomy and the appendectomy were submitted for examination. The patient's right ovary had been replaced by a unilocular cyst (measuring 9.3 cm by 6.0 cm by 4.0 cm) that was filled with a brown purulent fluid. The lining of the cyst was covered by a yellow exudate. In areas where the exudate was less conspicuous, the underlying tissue was hemorrhagic ( Fig. 2A) . The attached, fimbriated fallopian tube and the appendix (which had been submitted separately) had adhesions and a hemorrhagic serosal surface but were otherwise unremarkable.
Examination of a frozen section revealed a cyst with extensive fibrin deposition and acute inflammation; the cyst was benign, and possibly endometriotic. On histologic examination of the permanent sections, the wall of the ovarian cyst was fibrotic and lined by an adherent exudate that was composed of fibrin and inflammatory cells (Fig. 2B and 2C ). Residual normal ovarian parenchyma was difficult to identify, but the presence of scattered cystic follicles (Fig. 2C) confirmed that the abscess was occurring in the ovary. Extensive sectioning revealed background residual foci of endometrioid-type epithelium (i.e., epithelium resembling that seen in the endometrium) and stroma with associated hemorrhage and very few hemosiderin-laden macrophages, features that are diagnostic of an underlying endometriotic cyst (Fig. 2D) . The fallopian tube was adherent to the ovary owing to the presence of serosal peritonitis but was otherwise unaffected (Fig. 2E) . The appendix was also histologically unremarkable, except for secondary involvement by the peritonitis on the outer surface. A final diagnosis of an acutely inflamed endometriotic cyst with overlying acute peritonitis involving the ovarian surface, fallopian tube, and appendix was rendered. Three cultures of specimens obtained intraoperatively grew varying amounts of methicillin-sensitive Staphylococcus aureus, although a course of antibiotics had been initiated before surgery. Anaerobic, mycobacterial, and fungal cultures were all negative, as were three blood cultures.
Most ovarian abscesses that occur in patients in the Western world are associated with pelvic inflammatory disease and are preceded by involvement of the fallopian tube as part of an ascending bacterial infection. Direct extension from nongynecologic infections or hematogenous or lymphatic spread may occur less commonly. A photograph shows the internal aspect of the resected right adnexal mass (Panel A). The internal surface of the cystic ovarian mass, which measured 9.3 cm by 6.0 cm by 4.0 cm in the maximal dimensions, was replaced by a yellow fibrinopurulent material that separated easily from the underlying tissue, which was hemorrhagic in appearance. Cross sections of the cystic mass showed a thickened fibrous wall, with associated serosal peritonitis (Panel B, hematoxylin and eosin) and residual cystic follicles (asterisk). The internal surface (arrow) was lined predominantly by dense exudate composed of fibrin and inflammatory cells (Panel C, arrowhead). The residual cystic follicles confirmed that the abscess was occurring in the ovary. Extensive sampling revealed foci of endometrioid-type epithelium (Panels C and D, arrows), with underlying endometrial stroma (Panel D, arrowhead), hemorrhage, and hemosiderinladen macrophages, which together are diagnostic of a background endometriotic cyst. The fallopian tube (Panel E, arrow) was adherent to the isolated ovarian cyst (asterisk) owing to the presence of serosal peritonitis but was otherwise unaffected. bilateral involvement present in only 20% of cases. 9 In contrast to tubo-ovarian abscesses, which frequently involve the surface of the ovary, isolated ovarian abscesses are often unremarkable on the surface, and the abscess becomes apparent only on sectioning. A rupture of the abscess may lead to secondary peritonitis or even fistula formation. Chronic infections may result in the formation of solid, tumorlike masses, which on imaging can potentially raise the possibility of cancer.
An extensive body of literature exists regarding the types of infectious organisms associated with tubo-ovarian abscesses, with such abscesses attributed to N. gonorrhoeae, C. trachomatis, mixed aerobic and anaerobic organisms that are reflective of normal vaginal or cervical flora, and, infrequently, mycobacteria. A less extensive body of literature exists regarding the causative agents in cases of isolated ovarian abscesses. Such cases have revealed a variety of causative organisms, including those found in the urinary, respiratory, or oropharyngeal and gastrointestinal tracts. [10] [11] [12] A number of theories have been postulated with respect to the route of infection, including direct extension of a nongynecologic infection such as diverticulitis, appendicitis, or inflammatory bowel disease; hematogenous or lymphatic spread from a distant infection; and direct inoculation caused by procedural or operative manipulation of the ovary. 9, 10, 13, 14 Historically, the literature has focused on direct inoculation, with procedural and surgical manipulation being an obvious risk factor. Occasionally, such as in this case, infection of a preexisting cyst may occur. In a study of 510 endometriotic cysts, 11 (2%) had pathological evidence of infection. 15 Endometriosis and endometriotic cysts are commonly associated with a low-grade inflammatory response that is generally chronic. Acute inflammation with abscess formation is rare. Adhesions are a frequent complication; peritonitis occurs less commonly. Rarely, an acute abdominal event, with the potential for exsanguination, may occur. 16 Finally, the potential for endometriosis and endometriotic cysts to progress to cancer (typically, endometrioid or clear-cell) is well known.
Foll ow-up
Dr. Boruta: A course of intravenous antibiotic therapy was continued for 2 weeks postoperatively. The patient's recovery was complicated by postoperative ileus and mild incisional cellulitis, each of which was not surprising, given the extent to which her peritoneal cavity was contaminated and inflamed.
For any nulliparous woman of reproductive age who presents with acute abdominal symptoms and fever and who has no known history of pelvic inflammatory disease or surgical intervention, a high level of suspicion for an isolated ovarian abscess should be maintained. Prompt imaging, administration of antibiotics, and conservative surgical intervention are essential. If possible, a concurrent culture of a potential primary source of infection should be performed. In the case of an isolated ovarian abscess, the possibility that an infection has spread from a distant site should be considered.
A nat omic a l Di agnosis
Acutely inflamed endometriotic cyst with overlying acute peritonitis involving the ovarian surface as well as the fallopian tube and appendix.
